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» \What 7 —
= Numencal simulation combined with sensor data
= Used to minimise defect formation by:

= Defining the manufacturing processes

= Understanding how the process should be modified in real-time in
response to in situ monitoring data

= How 7
= Multi-scale modelling of the manufacturing process

=  From virtual charactensation of the local matenal properties to
high fidelity analysis of the manufacturing of the blade

= Exploring the field of possibilities in real time

= By the combination of advanced Al technigques (model order
reduction, machine learning etc.)

= (Generating physical-based prediction in a decision support
system for the production hybrid sensor
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Machine Learning
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= DTU will develop a supercontinuum extending to longer mid-IR wavelengths (e.g. 4 pm)
» These wavelengths penetrate deeper than traditional near-IR OCT systems (typically 1.3 ym)
» Source is based on a 2 ym laser to pump ZBLAN fibre

= UPV will develop machine learning
based algorithms

» Unsupervised anomaly detection
technigues

» Used to detect and segment different
defects in OCT Iimages without
annotations

Constrained unsupervised anomaly
classification and segmentation

NDT surface inspection

NDT of blade coatings @gmgg&lﬁs NORBLIS

= High resolution images of
the critical upper layers

= First industrial-scale combined
thermography and mid-IR
optical coherence tomography .
(OCT) scanner '

= Deep penetration of
thermography combined with
new technology of mid-IR
OCT

" = Demonstrated on ship hulls

Patesen Chriglan R, ef 2! "Nondestrudive subsurface
rapedtion of manne and profective coatings using near-and mid
nirared cpical coherence lomograghy ™ Coatings 11: 877 (2021

Partners

C/i

get it right

EIE NORBLI 4=

H NORDIC BROADBAND LICHT SOLUTIONS

-
ARDITEC

Cigmer 5.2 cpi AN

synthesites

Sustainability assessment

Sustainability assessments

‘5 ARDITEC

» Arditec will help to develop circular and sustainable blade

( RAW MATERIALS

manufacturing by: SaRacTe
=  Assessing the environmental, economic and social benefits of the
innovative value chain in comparison to current blade manufacturing
processes A

= LCA (IS0 14040/14044) s

Using standardised life cycle assessment methodologies P T i ( S )

= Life Cycle Costing (LCC, IS0, 2006) d
» Social LCA (UNEP/SETAC) 2N TOWARDS
a LIFE CYCLE
= Developing circular pathways for production waste @ THINKING

= Matenal Circularty Indicator (MCI) methodology ( END-OF-LIFE )
developed by the Ellen MacArthur Foundation

= (Contributing to current relevant standards and regulations 1______}_,,/ ( R )
= |[EC 61400-5/IEC 61400-28-2/REACH
= Training SGRE personnel to operate the sensors, apply TURBO NDT N )
methods and interpret the results =
o ]
Digital plaiform
TURBO digital overview (@

Live process and sensor
data acquisition from
production line

Coupling with physics-
‘ based simulation of
"+ '  manufacturing process
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ML-based process oS y/
anomaly and quality drift & \
evaluation and prediction S
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It Secure hybrid data
infrastructure for data
Live and historical data | storage and processing
insights, analysis, '
notifications and alarms
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Digital twin framework
TURBO digital twin framework C) nestives

= NCC will develop a self-adaptive
manufacturing process

* Digital framework for zero waste wind
turbine blade manufacturing

= Key steps:

= Scale-up of manufacturing and simulation
to a full scale blade demonstrator

= Combine process and sensor data with
machine learning and physics-based
simulations

* Provide live manufacturing quality insights /34_-

and corrective feedback loop control

= Development of a secure digital twin
architecture  scalable  for  industrial
production environments
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General enquiries

Bruce Napier; Vivid Components Germany UG

bruce@vividcomponents.co.uk

www.morpho-h2020.ev
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